A new imaging system for fingerprint capturing with the thin waveguide as lateral backlighting was proposed. A microlens array was employed in order to complete fingerprint capturing in a comparatively short distance. In order to prohibit the image crosstalk by different microlens and eliminate the use of the separator in the TOMBO system, the object distance is set according to the demagnification ratio. Thus, the length of the whole imaging system is shortened by a combination of the short focus imaging component and the thin backlighting module. When waveguided light encountered the ridges of the fingerprint pattern on the waveguide, part of light would be scattered and they appear as the bright fringes in the resulted images by the microlens array. The regular pattern can be used to test the ability of system. The resulted whole image contains an array of the fingerprint image, which could be combined to provide more details of the fingerprint.
INTRODUCTION
As the consuming electronics is becoming an important part in our daily life, there is a growing demand for thinner and lighter devices. It is crucial to realize optical imaging systems in miniaturization and integration manners. Biometrics techniques using the information of a living body like a fingerprint or an iris are becoming important for consuming electronic devices. 1 For example, the fingerprint identification solution has become a necessity for smart phones, and this could greatly improve the security of personal information while still being easy and convenient to use. 2 Common capacitive fingerprint identification solution cannot meet the ever-growing demand for full-screen smartphones due to the difficulty in integration with the display. While the optical fingerprint identification solutions are expected to be compatible with the full-screen smartphones and also provide fingerprint collection with high resolution, the limitation of the bulky setup in a common total reflection imaging prism blocks the practical application in thin devices such as the smart phone. In this regard, new strategies for optical fingerprint collection with thinner volume are attracting attention. For example, it has be demonstrated that real-time fingerprint collection can be achieved by using the hologram as the imaging component for the waveguided fingerprint pattern in the cover glass, however the imaging resolution is restricted by the hologram recording processes. It is also proposed that simple pin hole array First author, Jian-du Zhang ,University of Soochow, Suzhou China Corresponding author, Wen-bin Huang*, wbhuang@suda.edu.cn, University of Soochow, Suzhou China could be utilized to imaging the fingerprint in a short distance, however the optical efficiency is greatly restricted.
The microlens with a diameter below 1 mm has shorter focal length when compared with the conventional refractive lens, further, full coverage of the imaging region and thus an efficient utilization of the optical power could be realized by using the microlens array. It is thus expected that the microlens array could be utilized for optical fingerprint collection in a compact volume while still providing high resolution fingerprint details. In 2001, Taniad, et al. verified that the microlens array can achieve short distance imaging. 3 In their work, a signal separator was putted into light path so that the image of the complete fingerprint was separated into different parts. The whole fingerprint image can be reconstructed by a combination of the fingerprint sub-images. The signal separator has to be precisely aligned with the microlens array, which increases difficulty in the volume production and deteriorates the system stability. In 2001, Jun Tanida, University of Osaka, has developed a compact image capturing system based on the compound imaging system. 4 A light source is placed behind the object to directly illuminate it, and a high resolution fingerprint image can be obtained. For a full illumination of the fingerprint pattern with a size of square centimeters, the light source has to be placed a distance from the object, which unfortunately enlarges the imaging system size. In 2004, Rui Shogenji, University of Osaka, upgrading this bimodal fingerprint capturing system based on the compound-eye imaging module. 5 The light source was set close to the Light-guide plate to simulate the real environment. This plan also set a signal separator between the object and the microlens array. For a high resolution image collection, each microlens is used to image one part of the object.
In this work, a compact optical fingerprint collection setup is demonstrated by lateral waveguide backlight. The emission of a light source is incoupled into the identification glass substrate and distributed homogeneously in the waveguide. The fingerprint ridges appear as bright fringes due to their interaction with the illuminating light. The microlens array sheet with a short focal length is employed for imaging. Each microlens can provide the image of the entire object and the signal separator is eliminated, resulting in a simple and stable setup. The demagnification ratio of the imaging microlens is optimized in terms of imaging quality and cross talk. Our results may provide a feasible solution for optical fingerprint identification in a compact and stable manner.
THE ANALYSIS OF LIGHT PATH AND IMAGING QUALITY
Imaging principle and the analysis of the light path The light path of imaging module is shown as figure 1 and figure 2 . To ensure the stray light has took no part in imaging, the max the angle of incidence must within the critical angle of total reflection. Generally speaking, the reflected light has included total reflection light and diffuse reflection light. 6 On the one hand, on the joint of finger and glass, the reflection light is diffuse. On the other hand, the total reflection light is produced on the gap of finger and glass. Fingerprinting can be distinguished by this characteristic. In figure 2 , the receiving image is an array of fingerprint. Any one of the images in array has contained all parts of fingerprint, because of the ban of the signal separator. In addition, a single lens has its own imaging range, which is decided by the aperture of lens. To guarantee the stability of the object. The core of object and the micolens array must be at the same height.
Then the object distance and image distance can be calculated. So we can calculate the value of the minification of object, which is equal to α. The α is a ratio of object distance andimage distance. By controlling the object distance and the image distance, the value of the minification can be adjusted. The figure 3 shows the situation that the entire object was projected by each lens. In order to guaranteeing the independence of each image, the image narrowed by optical lens cannot exceed the aperture of each lens. According to research, the object of 3x3 needs to be narrowed at least 10 times to eliminate crosstalk between each lens. The less shrink of image, the more definition of fingerprint. Figure 4 shows that the location of source is between the object and the microlens array. The focal length of lens is 18.86 mm and the aperture of each lens is 300 um (THORLABS, American, MLA300-14AR(-M) ). The precision accuracy of the displacement table is 0.01 mm(DaHeng Optical, China, GCM-127201BM-L). The number of pixels is 2592*1944 and the size of one pixel is 2.2*2.2 Square microns (DaHeng Optical, China, MER-500-7 UM). The wavelength of light source is 550 nm. The pattern of fingerprint is written on the mask by laser. The size of object is 3*3 Square millimetre. The object can be clearly displayed at the screen of the CCD through the microlens array by controlling object distance and image distance. Therefore, the fingerprint capturing system can be carried in a very shorten range due to a series of reasons. Firstly, this system use side illuminator and the focal length is quite short. Second, the signal separator is abandoned, the entire object was projected by each lens.
Analysis of the influence of microlens array on imaging quality
"F/#" is a basis, which can judge the influence of microlens array on imaging quality. "F/#" can be calculated by using formula (1) as follow.
( 1) The F is the focal length of lens and the D is the aperture of lens. For the general lens, the smaller the "F/#", the better the imaging quality. However, the aperture of each lens cannot great than the diameter of each lens. According to the focal length formula of convex lens, the minimum value of "F/#" can be calculated.
In formula (3), the r is the radius of curvature and the n is the refractive index. So the minimum value of "F/#" is equal to .
As a diffraction limited system in incoherent illumination, the OTF(optical transfer function) is the index of imaging quality. OTF can be calculated by using formula (4) as follow. OTF is the ratio of intensity spectrum of image plane to intensity spectrum of object plane. (3) is the impulse response of the light intensity. OTF(optical transfer function) can also be calculated by using formula (4) as follow. (4) is the Modulation Transfer Function(MTF), is the Phase Transfer Function(PTF), PTF describe the phase shift of each frequency component in imaging system. The maximum value of MTF is equal to. MTF represents the proportion of overlapping of two pupils. The larger the value of MTF, the better quality of imaging.
According to the mentioned experiment conditions, this system is simulated by ZEMAX. The relationship between MTF and Nyquist frequency is shown as figure 4. The figure 5 shows the function that the MTF is reduced with the increase of Nyquist frequency. The calculation method of Nyquist frequency and cycle is deduced by using formula (5) as follow.
The T is cycle and the is the Nyquist frequency. Generally, The space of human average fingerprints is 0.25 mm, therefore the Nyquist frequency is 4. According to the figure 5, the MTF can be calculated as 0.68. In usually conduction, the CCD's requirement of MTF in imaging system is 0.4. Therefore, the CCD's requirement of MTF is smaller than the value of MTF simulated by ZEMAX. The results of simulation have proved that the Short distance fingerprint capturing system is feasible and effective.
EXPERIMENT AND IMAGE PROCESSING According to the results which were discussed, an artificial fingerprint is used to carry on this system. The focal length of the lens is 18.6mm. Each lens has an aperture of 300um. The object distance is 20.46 mm and the image distance is 2.046 mm. The result of the minification value of object can be calculated. The size of object is 3x3 square millimetre.The minification is equal to 10 times.
Experimental result
Generally, The space of the human average fingerprints is 0.25 mm. [7] [8] [9] First, a stripe image with the space of 0.25 mm is used to verify this system. The size of this object is also 3x3 square millimetre. The result of this experiment is shown as figure 6, figure 7and figure  8 . The spaces between stripes are distinct. A strip is described at an average of 12 pixels. There is no doubt that the system by lateral waveguide backlighting can meet the requirement of fingerprint capturing. In fact, the space of fingerprint is varied. The space of this artificial fingerprint is from 0.2 mm to 0.3 mm. The Figure 9 is the Original image and the Figure 10 is the Receiving image. Comparing with the image illuminated by backlight, 5 the image illuminated by the light of side is vague. But the advantage of sidelight is that it simulated the real situation of fingerprint capture.
CONCLUSION
In summary, the entire object was projected by each lens. 10 The smaller the "F/#", the better the imaging quality. Under the conduction of constant "F/#", the smaller of the ratio of object distance to image distance, the better the imaging quality.
What's more, in according to the fingerprint capturing system based on microlens array, the length of light path can be calculated by using formula (6) as follow.
(6) The L is the length of light path and the h is the height of object. The d is the aperture of lens and the f is the focal length of lens. The minimum value of the length of light path can be took when h=d. The result is equal to 4f. Therefore, the length of light path is 4f at least. The key to solve the problem of the length of the light path is focal length. The length of light path can reach a quite short distance on the basis of diffraction limit. A new proposal is put on the agenda, the requirement of microlens array with short focal length is large. A lot of methods of making microlens array were proposed. [11] [12] 
